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P-BSTRACT
The object of this experiment was to ftnd the effect of 
various pressures upon the ink coverage and the visual appearance 
of the half-tone print. A specially designed plate with four even­
ly spaced elevations was used with a Vandercook proof press. Var­
ious grade� of paper were used. Results showed: a variation in 
the range of ink coverage due to the grade of paper and the number 
of lines of tl1e hnlf-tone; within the area of good printing a small 
change in µresrure -:aused a large change in ink coverage; the change 
in ink coverage varied from elevation to elevation; an excess of 
ink was used in this experiment; the optimum printing pressure might 
have fallen between elev�tions; and the nature and/or quality of the 
data gathered did not :it t is ti.me lend itself to mathematical 
analysis. 
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HISTORICAL REVIEW 
In order to retain the context o.i: various articles, the 
Bame teni,inology that appeA.rs :i.n the originals is used in this 
paper. It is recoromenc1ed that for the purpose of this paper, 
the reader -:onstrue factors pert.:dning to press performance as 
those of pr�ntability and factors pertaining to the appearance 
of print as those of printing quality. 
In 1934, Prior (1) made the observaUon that, "A large pro­
port::.on of the paper manufactured is printed, but t ere is not 
a Breat devl of literature on the technical problem connected 
with the prfoting qmili ty of paper." Larocque (2) blamed this 
lack of progress partially on the complexity of the printing 
operation and on the lack of suitable definition. This condi­
tion existed tli.rough 1942 and caused Weymouth (3) to lament that 
''1'ctually there are less than twenty articles in the literature 
w· ich even touch upon printability and almost half of these are 
devoted to newsprint.·, 
Since this time many definitions of printabili ty and prjnt 
quality have been offered by various aut�ors. It is unfortunate 
that throughout the 1i terature the terms of printabili ty and 
print quality have been used interchangeably. The following 
are def�nitions of printability and printing quality by various 
authors: Larocque (L�) states that printing quality is not the 
brightness and color of the paper nor \Jhether the paper WJ 11 run 
without breaking on the pre"'s, but rather whether a sheet will 
print to give a clean, crisp, attractjve appearance--with smooth, 
:rnU d blacks a.nd half-tone j llustrations, free from wire marking 
or other objectjonable defects. Zettlemoyer, Fetsko and Walker 
(5) cefine printing quality �s the aggregate effect of the various
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nppenrance characteristics of printed matter. Andella (6) de­
scribes printability as that quality in paper that lends itself 
well to faithful reproduction by possessing the necessary affin­
ity to accept an ink from a printing plate and properly hold the 
full color tone values of the half-tone structure. Reed (7) 
states that, print quality is defined s the general appeal or 
attractiveness of the printed reproduction to the viewer, 11 and 
defines printability ;.is ' .•• the combined properties and condition 
of po.per that affect its press performance." Kantrowitz (8) 
maintains that printability is not a single property of paper, 
but a property of condition, and cannot be entirely built into 
paper by the manufacturer. It results from a proper relationship 
of certa:i.n requirements of the printing process, the kind of ink 
and the paper u.sc<l. Carlsson (9) attempts to give a definition 
of the term I printability of paper" showing that it comprises 
all the properties of the paper in the print:i.ng machine and the 
qualitative and quantitative printing result. Schaffert {10) 
proposes that printability be defined in terms of measurable 
quantities of the printed result, e.g., resolution, contrast 
and tone density. 
In the attempt to measure print quality, research has been 
d:i.vided into two main areas. One group maintains that instru­
mental testing of paper is to be preferred (5) and that the 
printing quality of paper be inferred from the results of these 
tevts. This has led many authors to attempt to attribute smooth­
ness, (2, 12, 13, 7, 5, 14) compressibility, {13, ll�) softness, 
(2) ancl ink recept:i.vi ty {5, ll1.) ac the mdn factors affecting
printing quality. This has also led to various techniques of 
measuring the above printing quality factors. (15, 13, 16) 
Other authors (4, 3, 5, it�) believe that the large number 
of variables makes it "difficult'. to separate and understand 
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each individul'.lly anc.'.. to relate them to the process. They there­
fore maintain that measurement of the print in the criterion of 
printing quality. Zettlemoyer, Fetsko and Walker (5) state that 
the most important appearance properties in prints of solids and 
type matter are color, gloss, uniformity, sharpness of outline 
and print. Tt:o main characteristics of half-tones Hhich must 
be reproduced are their tone values and contrasts. Consideration 
must also be given to the matter of the exact shape of the individ­
unl dots. Edges may be irregular, or a squashing out of the ink 
may produce doughnut-shaped dots. The Lithographic Technical 
Foundation (17) and Yule (18) have published excelle�t treatises 
on the relationship between dot area, dot density and tone v.:11.ue. 
Dot area is obtained by the microscopic measurement of the actual 
fractional area occupied by the dots. The density of each dot and 
the tone value, or the integrated density of a group of dots, can 
be readily measured with a reflection meter. Voet (19) illustrates 
the character:i.stics of half-tone dot reproduction for the various 
printing processes in a series of photomicrographs. Bernstein (20) 
made an extensive study of dot formation. According to him, there 
are two main factors, namely sharpness of contours and the uniform­
ity of ink coverage which determine the quality of the half-tone. 
Diehm (21) describes a method of numerically evaluating print­
ing quality, whereby he measures ink coverage and print fidelity. 
Djehm measures print fidelity in terms of presence of dots, uni­
fonnity of dot size and distortion of dot contour. He claims 
that, "Broken und distorted dots are nlmost as detrimental to 
print fidelity as are missing dots." and, "Only a few dots need 
to be absent before even the inexperienced eye can detect loss of 
fidelity in the print. !I He further states that a print has little 
if any commcrc:i.al value when more than twenty-five percent of the 
dots are missing. 
..L�-
Eckhart and Burnett (22) combined the methods of (3), (23) 
and (21) to give a method of determining the printability of 
paperboard. The authors found tlrn.t with this method the evalu­
ation of a given board could be reproduced to within plus or 
minus three percent. They further claj_m that although the 
method is too time-consuming for routine mill control, it does 
provide the mill with a means of comparison of the printability 
of the current run with that of a standard or that of a previous 
run. It also furnishes information about variations in print­
ability during e. run (,!hich m::,y not have been detected by routine 
mi.11 physical tests. Eckhart and Burnett also state that only a 
limited correlation uith physical tests has been observed, and 
that t ey have not found any single physical test or any group 
of physical tests w:1ich correlate with pr:intabili ty as determined 
by this test. 
-.'.:,-
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EXPERIMENTAL DESIGN 
In order to print samples of paper for evaluation the Vander­
cook No. 4 Proof Press and a specially designed half-tone plate were 
employed. The special plate showed half-tone areas consisting of 
ten, fifty and ninety percent etch in both 133 and 85 lines. These 
areas are present on the plate in four alevations, each differing by 
0.003 inch. Also on the plate are two solid areas.which correspond 
to the highest elevation. 
The ink and papers were conditioned in the constant humidity 
0 
room at 72 P. and 50% relative humidity. The actual printing was 
also done under these conditions. The press was inked with 3 cc. 
of No. 2 H. T. black letter press ink. Six prints were made for 
each grade of paper. After each series of six prints the press was 
washed up. The following are the grades and code numbers of the 
paper used: 
A-1 60# ClS Non varnish
A-3 701 C2S Imperial offset enamel
A•4 62# Letter press duplex super 
A-5 60# EF
-6 601 Egg shell
A-7 16# Bond 
A-8 60# Offset
A-9 Newsprint
A-10 701 C2S Velour enamel
Ink coverage for each area on each grade of paper was evaluated
by the following method: the brightness of the paper, the half-tone 
areas and the solid black areas were measured by the G. E, Brightness 
tester. Ink coverage was calculated for each half-tone area by use 
BP - BA 
of the following formula: Ink coverage 
• BP _ BS 
X 100 where BP is
the brightness of the paper, BA is the brightness of the half-tone 
area and BS is the brightness of the solid area. 
The half-tone areas were also examined visually and evaluated 
as to appearance, presence and shape of dots. 
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PRESENTATION or RESULTS 
Tables I and II show the ink coveragefi of each half-tone area 
along with a description of the individual area. The values are 
listed according to the paper used. 
Table III shows the differences in :t.nk coverage between each 
elevation. Column A represents the ink coverage of the highest 
elevat.ion minus the second highest elevation. ColUllln B represents 
the second highest elevation minus the third highest. ·Column C 
is the difference between the third highest and the lowest. Column 
D represents the ink coverage -of the highest level minus the ink 
coverage of the lowest, that is, the entire range of ink coverage. 
Figures l, 2, 3 and 4 are graphs of the ink coverage versus 
the plate elevat:J.on. Figures 1 and 2 are 10'%. and 50% etch, re• 
spectively, of the 133 line areas, Figures 3 and 4 are l� and 
5� etch, respectively, of the 85 line arees. 
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TABLE I 
(133 Li.nes) 
EVALUATION OF INK COVERAGE - (results in percent) 
Snm:ele No. 
-1
/\-10 
A-3
/>-4 
P..-5 
A-6
A-7 
A-8
/1-9 
1()°/. etch 
17.0 s 
15.8 s 
11.3 * 
10.6 DM 
15.7 S 
14.7 S 
10.7 *-HD 
10.2 DM 
15.6 S 
15.2 S 
10.9 * 
10.8 DM 
11.9 s 
11.4 * 
7.8 MD 
7.8 DM 
21.6 s 
20.3 s 
13.0 *-DM 
10.8 MD 
31.8 s 
29.1 s 
20.8 *-MD 
16.8 DM 
30.5 S 
29. 6 S
20 .1 *-MD-DM 
17.2 DM 
28.0 S 
25.8 S 
19 .0 *-MD 
15.3 DM 
26.6 S 
24.0 S 
J.7.7 �'t-MD 
13.9 DM 
r·----� ··---- -·-- - -•--· --- -- --- ··- ---- ----------, 
I KEY: ! 
l
i * - Best Pr!.nt 
1 OK - Print Good, But Not Best
F - Filled In 
S - Smudgy 
MD - Misshaped Dots 
1 DM - Dots Missing 
I -·- - - -- • ~---- ---··---·- ------- ·--- -· -· ---·-· 
50% etch 
69.3 * 
68.5 MD 
66.7 DM 
56.2 DM 
67.4 *-S 
67.4 MD 
64.4 MD 
51.3 MD-DM
66.5 s 
65.3 * 
63.8 DM 
5l� .4 DM 
55.4 *-MD 
55.2 MD 
53.7 DM 
43.2 D 
70.3 s 
68.3 *-S 
62.7 MD-DM
52.2 DM 
80.3 *-F 
79. 7 MD 
69. 7 DM
60.2 DM 
84.2 *-MD 
81.8 MD 
73.1 DM 
61.5 DM 
81.2 F-MD
78.9 *-MD 
73.3 MD-DM
60.9 DM 
80.5 F-S-MD
79.0 *-S-MD 
71. 7 MD-DM
61.7 DM 
90% etch 
99.9 F 
99.4 F 
95.5 F-MD
86.7 F-MD-DM
99.5 F 
99.2 F 
95.0 F-MD-DM
81.1 F-MD-DM
99.1 F 
98.5 F 
94.6 F-MD-DM
85.2 F-MD-DM
92.2 F 
92.2 F 
79.2 MD-DM
72 .5 MD-DM
95.8 F-MD
95.4 F-MD
92.7 F-MD-DM
82.4 MD-DM
99.7 F-MD
99.5 F-MD
95.8 F-MD-DM
84.4 F-MD-DM
98.4 F-MD
98.2 F-MD
96.6 F-MD-DM
86.6 F-MD-DM
99.0 F-MD
98 .5 F-MD
96.0 F-MD-DM
91. L� F-MD-DM
99.2 F 
98 . l� F 
95.0 F-MD-DM
89. b, F-MD-DM
TABLE II 
(85 Lines) 
EVALUATION OF lNK COVERAGE - (results in percent) 
Sam2le No. 10% etch 501. etch 9� eJ;ch 
-1 13.7 s 71.2 * 99.9 F 
13.7 OK 67.8 MD 99.8 F 
11.2 * 65.6 DM 94.6 F•MD-DM 
10. 7 OK 61.2 DM 76.4 MD-DM
A-10 13.l s 68.4 • 99.7 F 
13.1 s 65. 7 MD 99.2 F 
11.9 * 63.7 MD 92.8 MD•DM 
10.9 OK 59.7 MD-DM 75.5 MD-Ill
A-3 13.l s 68.l * 99.3 F 
12.5 s 65.6 MD 98.4 F 
11.2 * 64.8 llf 90.0 MD-DM
10.2 OK 58.8 It{ 76.2 MD-Nit
A-4 9.5 s 55.7 * 97.0 F 
10 ,.6 OK 53.5 MD 96.4 F 
8 ,.1 * 52.7 MD 89.6 MD-DM
7.9 OK 48.3 MD-mt 71.8 MD-DM
-5 18.l s 69.1 *-S 96.6 F 
18.3 s 66.l MD 94.6 F-MD
13.9 • 63.1 MD 91.3 MD-DM
13.5 OK 59.8 MD 85.7 MD-11{
A-6 26.0 s 76.1 *-S 98.4 F 
27.2 s 71.5 MD 97.9 F-MD
22.3 s 67.1 MD 90.6 MD•DM 
14.8 *-MD 63.8 DM 79 .o MD-DM
A-7 28.2 s 82.0 *-MD 99.7 F 
28.2 s 78.2 MD 99.3 F-MD
21.6 *-MD 74.0 DM 96.6 MD-DM
20.4 MD 68.6 DM 84.1 MD-DM
A-8 25.2 s 78.5 *-S-MD 99.7 F 
27.5 s 76.7 MD 99.7 F-MD
19 .8 * 72.0 MD 97.5 MD .. mt 
17.8 MD 69.1 MD 91.5 MD-Nit
A-9 20.6 s 78.0 s 99.2 r 
22.6 s 74.2 *--MD 98.0 F-MD
17.9 * 70.3 MD 97.6 MD-mt
15.1 MD 67.5 MD 86.3 MD-DM
KEY: 
* - Best Print
OK - Print Good, But Not Best 
F - Filled In 
S - Smudgy 
MD - Misshaped Dots 
DM - Dots Missing 
Sample No. 
Al 
AlO 
A3 
4 
A5 
A6 
A7 
AS 
A9 
Al 
AlO 
Al 
A4 
AS 
A6 
A7 
A8 
A9 
1 
AlO 
A3 
4 
AS 
6 
A7 
AB 
A9 
TABLE III 
DIFFERENCES IN 1 INK COVERAGE BETWEEN ELEVATIONS 
133 Lines 
10% 
85 Line� 
10% 
1.2 
1.0 
0.4 
0.5 
1.3 
2.7 
0.9 
2.2 
2.6 
soi 
0.8 
o.o
1.2 
0.2 
2.0 
0.6 
2.4 
2.3 
1.5 
90'% •
o.s
0.3 
0.6 
o.o
0.4 
0.2 
0.2 
0.5 
0.8 
B C D Sample No. A 
4.5 0.7 6.4 Al o.o
4.0 0.5 5.5 AlO o.o
4.3 0.1 4.8 A3 -0.6
3.6 0.0 . 4.1 A4 +1.1
7.3 2.2 10.8 AS +0.2
8.3 4.0 15.0 A6 +l.2
9.5 2.9 13.3 A7 0.0
6.8 3.7 12.7 AS +2.3
6.3 3.8 12.7 A9 +2.0
50%
1.8 10.5 13.1 Al 3.4
3.0 13.l 16.1 AlO 2.7
1.5 9.4 12.1 A3 2.5
1.5 10.5 12.2 A4 2.2
5.6 10.5 18.1 AS 3.0
lO.O 9.5 20.1 A6 4.6
8.7 11.6 22.7 A7 3.8
5.6 12 .• 4 20.3 AS 1.8
7.3 10.0 18.8 A9 3.8
90'% 0
3.9 8.8 13.2 Al 0.1 
4.2 13.9 18.4 AlO 0.5 
3.9 ·9_4 13.9 A3 0.9 
l3.0 6.7 19 .7 A4 0.6 
2.7 , 10.3 13.4 AS 2.0 
3.7 11.4 15.3 A6 0.5 
1.6 10.0 11.8 A7 0.4 
2.5 4.6 7.6 A8 o.o
3.4 5.6 9.8 A9 1.2 
A - Elevation 1 minus Elevation 2 
B - Elevation 2 minus Elevation 3 
C - Elevation 3 minus Elevation 4 
D - Elevation 1 minus Elevation 4. 
B 
2.5 
1.2 
1.3 
2.5 
4.4 
4.9 
6.6 
7.7 
4. 7
2.2 
2.0 
0.8 
0.8 
3.0 
4.4 
4.2 
4. 7
3.9 
5.2 
6.4 
8.4 
6.8 
3.3 
7.3 
2.7 
2.2 
I0.4 
C 
0.5 
1.0 
1.0 
0.2 
0.4 
7.5 
1.2 
2.'0 
2.8 
4.4 
4.0 
6.0 
4.4 
3.3 
3.3 
5.4 
2.9 
2.8 
18.2 
17 .3 
13.8 
11.8 
5.6 
11.6 
12.5 
6.0 
11.3 
D 
3.0 
2.2 
2.9 
1.6 
4 6 
11.,2 
7.8 
7 .4 
5.5 
10.0 
SH 
9.3 
7.4 
9.3 
12.3 
13.4 
9.4 
10.5 
23.5 
24.2 
23.1 
19 .2 
10.9 
19.4 
15.6 
8.2 
12.9 




DISCUSSION 
Upon investigation of the data in Table III a tendency of 
the ink coverage range to vary was noticed. ntis tendency expressed 
itself in Col\Diln D. Smooth papers appear to have a smaller range, 
that is, a smaller change in ink coverage than rough papers. ntis 
behavior would suggest that pa er with the smallest range would have 
the better printing quality. 
Figures 1 through 4 show the effect of the number of lines on 
the ink coverages. nte range of ink coverage in the 133 line areas 
is decidedly greater than in the 85 line areas. This would indicate 
that printing pressures in the 133 line areas would be more critical 
than in the others. 
Due to the very poor printing results in the 90% etch areas, it 
was decided to graph the ink coverages in the 10'%. and 50'%. etch areas 
only. '11tese graphs show the influence of the variation in pressure 
caused by the different elevations of the printing plate upon the 
ink doverage. The graphs indicate that within the area of good print­
ing a proportionally smaller change in pressure will cause a greater 
change in ink coverage than in the poor areas of printing. This is 
shown best in the graphs of the 10'%. etch areas (Figures l and 3). 
The tendency is also evident in the graphs of the 50'%. etch areas 
(Figures 2 and 4). 
Table III Columns A, B, and C show along with Figures 1 through 
4 that the change ,n ink coverage varies from elevation to elevation. 
The differ�noes between the actual ink coverages of the differ .. 
ent tone areas and the expected coverages were in most cases consi­
derable. These differences along with the extensive fillipg in of 
the 90't etch areas would suggest that an excesa of ink was used in 
the printing process. It is believed that if less ink had been used, 
-9-
' 
the ink coverages Hould more closely have approRched the theoretic 1. 
Tables I an II show that in all cases the best print fell with­
in the range of the ?late. Thj s was a criterio:i of the printing 
?rocess. The tables al so sha,;-, that optimum pressure for best print 
quali ty could hav0 fallen between the elevations; some of the tones 
chosen as ''best print have defects. 
From the nature and/or quantity of the data gathered, a mathe­
matical analysis of this print rocess is not possible at this time. 
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SUMMARY 
Under the conditions of this experiment the following con• 
clusions can be made: 
'11le range in ink coverage varied due to the paper used and 
the number of lines of the half-tone print. 
Within the area of good printing a small change in pressure 
caused a large change in ink coverage. 
The change in ink coverage varied from elevation to eleva­
tion. 
An excess of ink was used in the printing process. 
The optimum pressure for printing might have fallen between 
the elevations. 
At this time the nature and quantity of data does not lend 
itself to mathematical analysis. 
February 27, 1959 Robut B. Badger, Jr. 
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